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Let us imagine that at the first 
generation F 1 stage the breeders 
could interrupt the sequence by 
getting pure lines immediately. They 
would then save at least three years 
in the breeding programme. 
There are prospects of doing this by 
separating and growing certain cells 
of Fl crossbreds before they enter the 
fertilisation phase. In most species 
normal cells contain two sets of 
chromosomes (the thin thread-like 
structures which carry the inheritance 
particles-genes). Egg and pollen 
grain cells each contain only one set 
of chromosomes. During fertilisation 
the chromosomes from the egg and 
pollen are combined in the one cell 
which then develops to form a new 
plant. 
Haploidy 
Thus any new technique which might 
shorten this span of years would be 
welcome. 
At the end of this phase of testing, 
there will have been enough 
generations of inbreeding to allow 
individual true-breeding plants to be 
selected. Seeds from selected plants 
are grown in rows for yet another 
year for seed increase, followed by 
two more years in yield trials with 
convenient quality testing. 
At this point the surviving lines must 
undergo three years of rigorous 
variety trials at many locations in 
competition with standard varieties, 
and undergo further quality testing. 
Those which pass through this stage 
next come under the scrutiny of the 
various grain advisory committees 
before being recommended to 
producers. 
agronomic characters such as straw 
height and strength, disease 
resistance, and time to maturity. 
Then selected lines are sown in yield 
trials for two years. Preliminary 
quality tests also are carried out in 
these early stages, to help screen out 
undesirable lines. 
• Dr I. Barclay selects anthers ... pollen- 
producing bodies ... for haploidy studies. 
Most primary producers are aware 
that many years elapse between the 
time plant breeders set their 
objectives and the release of new 
commercial plant varieties. 
In the case of cereal crop varieties, 
for example, it is a 12 year 
programme at least. 
The sequence starts with cross 
breeding, the conventional source of 
genetic variability. Crossing and 
growing the first generation hybrids 
(F 1 s) in glasshouses, is a year's work. 
In the next generation (F2), which 
comprises the products of 'selfing' the 
crossbreds, the different genetic 
characters start to segregate. This 
segregation continues in succeeding 
generations but to a decreasing 
extent. This means that pure varieties 
cannot be established in early 
generations because any plant 
selected will continue to produce 
many different types in the next 
generation. 
A typical breeding programme may 
use these early generations to select 
superior plants from which uniform 
lines can be selected later. 
The F2 plants are grown in the field 
and desirable plants are selected. In 
the next year the third generation 
(F3) seed from the selected plants are 
planted in rows for selection on 
Conventional techniques 
Plant breeders aim to improve 
today's crop varieties by bringing 
genes-inheritance particles-from 
different varieties into new, more- 
desirable combinations. This is a 
lengthy process, and in some cases 
the prospects of success may be 
limited by the lack of suitable genes 
in any variety of the crop being bred. 
However, it may be possible to 
reduce the time involved and extend 
the genetic variability available to the 
breeder by developing such 
techniques as haploidy and genetic 
engineering. 
Department of Agriculture plant 
breeder Dr Iain Barclay is studying 
both avenues. 
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CSIRO for cloning to determine if 
similar useful variability will occur in 
wheat. If it does, Western Australian 
plant breeders will then be able to 
evaluate its usefulness and determine 
policies for the future. 
Before alien genes can be introduced 
into crop species they must be 
identified and isolated. It is not an 
easy task to decide which gene might 
be useful and then isolate that 
particular gene from the thousands of 
other genes present in a species. Once 
isolated the next step is to 
incorporate the selected gene into a 
'vector' which will enable the gene to 
be transferred to another organism. 
Among the vectors being studied are 
extra-chromosomal particles known 
as 'plasmids'. 
Plasmids have their own small 
amounts of genetic material (D.N.A.) 
into which the selected gene can be 
incorporated, using suitable enzymes. 
Since plasmids cannot survive on 
their own they must be incorporated 
into a host organism, usually a 
bacterium, for multiplication and 
maintenance. This requires the 
development of a screening 
procedure which will allow 
'transformed' bacteria to be selected. 
This means selecting those which 
have incorporated the plasmid, and 
excluding those which have not. 
After multiplication of suitable 
plasmid cells of the crop, species 
must be treated With enzymes to 
remove their cell walls and produce 
isolated 'protoplasts', This allows the 
plasmids to pass through the cell 
membranes of the host and become 
incorporated in the cell. Ideally, to 
produce a stable transformation, the 
plasmid should have the capacity to 
be incorporated into the 
chromosomes of the host species. 
Again a screening procedure is 
required to select out the transferred 
cells, which are cultured and induced 
to form complete plants. By this 
process the selected gene from the 
alien species will have been 
transferred to a crop species. 
Genetic engineering is clearly a 
complicated technique and at present 
is not developed enough to be used 
directly in breeding programmes. 
Plant breeders in Western Australia 
will be keeping a close watch on 
future developments. 
• A mature, unfertilised barley egg cell. Left 
are the synergid cells, through which the pollen 
tube enters during fertilisation. Right are the 
polar nuclei which, after fertilisation, develop 
into the endosperm or starchy part of the seed. 
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A major purpose of crossbreeding is 
to incorporate desirable genes into 
improved plant varieties ... for 
example genes for disease resistance. 
Through 'genetic engineering' it may 
be possible to extend the range of 
useful genes available to the plant 
breeder by allowing genes to be 
incorporated from alien species into 
cultivated crops. · 
To be successful, genetic engineering 
has to be carried out on single cells. 
This requires a technique for cloning, 
that is, growing cells in culture and 
then being able to regenerate 
complete plants from these cells. In 
Canberra, CSIRO geneticists are 
developing cloning techniques and 
have found a surprising bonus. 
It would be expected that plants 
regenerated from a cell culture would 
be genetically identical to each other 
and to the original parent plant. 
Surprisingly, sugar cane plants 
produced by this technique have 
shown a wide range of genetic 
diversity which can be used to select 
improved lines. At is stage the 
Western Australian Department is 
sending its latest wheat varieties to 
Genetic engineering 
the techniques being used has 
resulted in reports of up to 30 per 
cent of haploid embryos developing 
into plants. It also has been possible 
to cross H. bulbosum with wheat to 
produce haploid wheat plants in the 
same manner. However the range of 
wheat varieties. which will cross with 
H. bulbosum is limited. In Western 
Australia breeders are exploring ways 
of crossing H. bulbosum with all 
wheat varieties as well as developing 
the haploid technique for use in the 
Department's barley breeding 
programme. 
Plant breeders around the world are 
exploring the possibility of using 
'anther culture' techniques to produce 
haploid plants-plants with just one 
set of chromosomes. This involves 
taking immature anthers (pollen- 
producing floral parts) and culturing 
them on a growth medium. The 
object is to try to induce the young 
pollen grains to alter their normal 
development and produce seedlings 
instead of mature pollen grains. 
These seedlings will develop into 
haploid plants with only one set of 
chromosomes. 
To produce normal fertile plants 
these haploids must be treated, 
usually with the drug colchicine, to 
double the chromosome number 
back to normal. This new set of 
chromosomes will be an exact copy 
of the set originally in the haploid 
and hence the genes on each set of 
chromosomes will be the same. The 
plants produced as a result will be 
pure bred. 
Unfortunately the techniques for, and 
success rate of, inducing pollen grains 
to form plants directly, vary for 
different species. For cereals, success 
has been very limited, often with less 
than one haploid plant being 
producedper thousand anthers 
cultured. 
However, alternative methods may 
be available. It has been found that a 
wild relative of barley, Hordeum 
bulbosum, can be crossed with 
cultivated barley. The young hybrid 
embryos, instead of developing 
normally, progressively lose all of the 
H. bulbosum chromosomes, leaving 
the one set of barley chromosomes · 
that were originally present in the egg 
cell. 
Initially the success rate in getting 
these haploid embryos to grow into 
plants was low. But improvement in 
